INTRODUCTION
Although numerous rock magnetic and paleomagnetic studies have been carried out on dredged or drilled sea-floor basalts (Lowrie, 1977) , studies of paleointensity have been relatively rare. Ozima et al. (1968) applied the Thellier method to basaltic rocks -dredged from the North Pacific and recovered from the experimental Mohole -having K-Ar ages between 3 and 92 m.y. Grommé et al. (1975) applied the Thellier method to dredged fragments of submarine pillow basalts 700,000 years old or younger. Carmichael (1977) used comparisons of decay modes of natural remanent magnetization (NRM) and thermoremanent magnetization (TRM) in thermal as well as alternating-field (AF) demagnetization on DSDP Leg 37 basalts (3 to 13 m.y. old). Dunlop and Hale (1977) also applied the Thellier method to Leg 37 basalts.
In these studies, the results are not very reliable because of changes in the magnetic properties of oceanic basalts when they are heated to produce TRM. In fact, Carmichael (1977) found that saturation remanence increased 2 to 5 times when samples were heated to about 600 °C. Such behavior is common in oceanic basalts. The most common ferromagnetic minerals in oceanic basalts are titanomaghemites, or titanomagnetites oxidized at low temperatures, which are metastable and decompose upon heating into Ti-poor titanomagnetite and Ti-rich hemoilmenite (Ozima and Ozima, 1971) . Since titanomaghemites are secondary minerals formed by oxidation of titanomagnetites at low temperatures (<300°C), paleointensity results from samples containing them are not reliable even when the NRM-TRM plot is linear at lower temperatures (e.g., Ozima et al., 1968) . There is no guarantee that the NRM is truly of TRM origin in such samples. Grommé et al. (1975) report that linear relations with different NRM-TRM gradients were obtained in paleointensity experiments on samples taken from a single pillow basalt which had varying degrees of low-temperature oxidation. The use of samples with low-oxidation-state titanomagnetites may circumvent these difficulties. Dunlop and Hale (1977) , however, found that samples with a Curie point near 200 °C are chemically stable when heated, but that they are magnetically soft and acquire viscous remanent magnetization (VRM) quite easily.
Thus far, application of paleointensity methods had not been very successful because of the difficulties inherent in ferromagnetic minerals of ocean-floor basalts, discussed earlier. In the Leg 55 basalts the situation was quite different. Though they were cored from submarine basement, all the evidence suggests that they erupted subaerially when the seamounts were above sea level, just as with the Hawaiian islands of today. Moreover, most of the ferromagnetic minerals in them are titanomagnetites oxidized at high temperatures, with Curie points in the range 550° to 590 °C, and have not been affected by the later low-temperature oxidation (Kono, this volume) . The Leg 55 basalts are characterized by high Curie point, large saturation remanence/saturation magnetization ratio (J r /J s ), and high magnetic stability, indicated by large median demagnetizing field (MDF) and small change of NRM direction in AF demagnetization (Kono, this volume; Kono, this volume) . These observations suggest that Leg 55 basalts may be suitable for paleointensity experiments. We tried to obtain paleointensities from these samples using two different methods.
EXPERIMENTAL PROCEDURES

Selection of Samples
The seamounts drilled on Samples used for paleointensity experiments were minicores 2.5 cm in diameter and 2.3 cm long. Samples for Shaw's method were selected considering AF demagnetization behavior; samples with moderate to high MDF (>300Oe) and small directional change in AF demagnetization were chosen. The experiment is still in progress, so the results reported here deal principally with two holes, 430A (Ojin) and 432A (Nintoku).
Samples for the Thellier method were selected mostly on the basis of the shapes of J s -T curves in thermomagnetic analyses (Kono, this volume) and, to a lesser degree, according to the stability in AF demagnetization. Samples with high Curie points (>55O°C) and reversible J s -T curves were preferred.
As shown by Kono (this volume), the basalts from Site 433 (Suiko) offer a good record of secular variation when the rocks erupted about 65 m.y. ago. We tried to determine paleointensities corresponding to various values of inclination, to see the secular variation in intensity and its relation to the directional change of the geomagnetic field. Table 1 gives a summary of samples used in paleointensity experiments.
Shaw's Method
Sixteen samples from seven flow units were studied in experiments employing Shaw's method. The experimental procedure was similar to that of the original investigator (Shaw, 1974) , and can be divided into the following steps: (1) The NRM was demagnetized in an alternating field, and the peak field was increased in steps of 50 Oe between 0 and 200 Oe and steps of 100 Oe between 200 and 1000 Oe; the remanence was measured after each demagnetization step. Samples were demagnetized using a Schonstedt AC demagnetizer, and the remanence was measured on a Digico spinner magnetometer. (2) An anhysteretic remanent magnetization (ARM) was induced in the sample using a direct field of 1.74 Oe (0.87 Oe for some samples) and a peak AF of 1000 Oe. This ARM (called ARM 1) was progressively demagnetized in an AF and measured as in (1). (3) TRM was then produced in the sample by heating it in air to 590 °C for 18 minutes and cooling in a constant magnetic field of 0.44 Oe. The TRM was demagnetized and measured as in (1). (4) The sample was then given an ARM (called ARM 2) with the same direct and alternating fields as in (2). The ARM 2 was demagnetized and measured as in (1).
Results from these experiments were plotted in two diagrams, an ARM 1-ARM 2 plot and an NRM-TRM plot, and divided into classes according to the relations indicated in the two diagrams. The criteria for classification are as follows (Kono, 1978) : 1) ARM 1-ARM 2 relation is linear, with a gradient of 1.
2) ARM 1-ARM 2 relation is linear but the gradient is not 1.
3) ARM 1-ARM 2 relation is non-linear, and a) NRM-TRM relation is linear and the straight line goes through the origin. b) NRM-TRM relation is linear, but the straight line does not go through the origin. c) NRM-TRM relation is non-linear. The experimental results were classified into the nine possible combinations of the above, e.g., class la, 2b, etc. Shaw (1974) accepted only results of class la, but Kono (1978) found that most of the results in classes lb, 2a, 2b give good paleointensities when appropriate slope correction is applied. In this study we considered results in classes 1 and 2, but with ARM 1-ARM 2 gradients between 0.5 and 2, and discarded others as failures, even if linear relations occurred both in ARM 1-ARM 2 and NRM-TRM diagrams.
Thellier Method
Thirty-two samples from different flow units were subjected to the Thellier method (Thellier and Thellier, 1959) . The experimental procedure was similar to that of Coe (1967) . Samples were heated twice to the same temperature and cooled to room temperature, once in a non-magnetic field and once in a constant field of 0.5 Oe. Heating was carried out in air by an electric furnace placed in a Permalloy shield. The non-magnetic field in this case was not very good; a residual field of about 100 gammas (0.001 Oe) was present in the sample space. Though the furnace had some temperature gradient in it, the samples were placed at the same place in the furnace for all the heatings. The reproducibility of temperatures in paired heating is estimated to have been within 5°C. The remanence at room temperature after each heating was measured using a Schonstedt spinner magnetometer.
RESULTS AND DISCUSSION
Shaw's Method
Successful results from Shaw's method are summarized in Table 2 and illustrated in Figure 1 . Five out of 16 samples gave satisfactory results. An experiment was considered successful if it yielded a class la result or if the result was class lb, 2a, or 2b and six or more points of higher coercivity belonged to linear portions of the ARM 1-ARM 2 and NRM-TRM plots. The paleointensity was calculated from the slopes of the linear relations in the ARM 1-ARM 2 and NRM-TRM diagrams as
Peculiarly, the ARM in all samples was demagnetized almost completely at 800 Oe, instead of the 1000 Oe at which the ARM was originally induced. Since the NRM and TRM show smooth decreases of intensity between 800 and 1000 Oe in AF demagnetization, most samples certainly contain ferromagnetic minerals with coercivities between 800 and 1000 Oe. Some defect in the demagnetizer probably caused the absence of a high coercivity portion of the ARM.
The results here are not excellent (no results can be classified as la), and multiple results were not obtained for most of the lava flows, so the results are not very reliable. Apparently the maximum field of 1000 Oe was not enough to obtain reliable paleointensity results from some samples. We are now trying to apply Shaw's method with higher demagnetizing field and many more samples.
Thellier Method
Eight out of 32 samples gave paleointensity estimates in the experiments using the Thellier method. These results are summarized in Table 3 and Figure 2 . The criteria of success in this study were similar to those used by Kono (1974) , namely, (1) six or more points in the linear portion and (2) a correlation coefficient of regression between NRM and TRM components equal to or greater than 0.98. In these experiments, the direction of the NRM component in most samples did not change much up to 500 °C or more. But the NRM-TRM linear relation was observed only in a quarter of the samples. In the Thellier method, unlike Shaw's method, samples were heated and kept at the prescribed temperatures for about one hour. The abundance of unsuccessful results may have been caused by the prolonged heatings. Changes in magnetic properties caused by heating are very common in volcanic rocks, and most of the high temperature points (>500°C) deviate from the straight lines in NRM-TRM diagrams, even in successful results (Figure 2 ). At the low temperature end, many of the results show that the points lie below the straight lines. This can be interpreted as a result of superposition of the VRM component in the present field direction, since all the Leg 55 samples are reversely magnetized. These deviations from the ideal straight lines at low and high temperatures are common in many paleointensity studies (e.g., Kono, 1978) . Table 4 is a summary of successful paleointensity results from Leg 55 basalts. The virtual dipole moment (VDM) in this table is the magnitude of a hypothetical geocentric dipole which would produce the observed inclination (/) and total force (F) at the sampling site, and can be calculated from the formula
Intensities in the Early Cenozoic
where ris the earth's radius and /the flow mean inclination (Kono, this volume) rather than the inclination of the paleointensity sample. VDMs for the Leg 55 basalts range from 2.5 × I0 25 G cm 3 to 33.6 × I0 25 G cm Paleointensities of the geomagnetic field at nearly the same time as these seamounts formed are only available from Deccan Trap basalts with K-Ar ages between 60 and 65 m,y. (Kono, 1974 the flow units with inclinations much different from the mean inclination of the hole have unusually high VDM values. Because the number of flow units is not enough for Holes 430A and 432A, the mean inclinations in these holes have no physical meaning. In Hole 433C, however, the mean inclination (-45.7°) probably corresponds to the dipole field direction, because the secular variation is adequately sampled in this hole. Therefore, if a flow mean inclination in Hole 433C is quite different from the hole mean, it indicates either a time when non-dipole field was large at the sampling site or when the field was different from the dipole regime -i.e., geomagnetic reversal or excursion. A large deviation of field direction from the dipole direction may well be accompanied by a large change in the field strength. If the source of such non-dipole disturbance lies in the shallow layers of the earth's core, it would be plausible for large changes to be observed in both the direction and intensity of the magnetic field when such non-dipole source comes near to the observation point. Alternatively, the large field intensity when the inclination is unusually small (Flow Units 2 and 3, Hole 430A; Flow Unit 52, Hole 433C) may correspond to the intensity maximum while the geomagnetic field was reversing its polarity. Such a phenomenon has already been reported by Shaw (1975) . In any case, we have to have much more data before we can confidently draw conclusions about the intensity variation in the early Cenozoic. We shall postpone the full discussion of intensity data until we finish more extensive experiments.
CONCLUSIONS
Both the Thellier method and Shaw's method were applied to samples of Leg 55 basalts to determine intensities of the geomagnetic field in the early Cenozoic. The success rates in the experiments were 5/16 (Shaw's method) and 8/32 (the Thellier method). Internal consistency of data cannot be demonstrated, because only one paleointensity estimate is available for individual flow units, except Flow Unit 2 of Ojin. Results from Shaw's method are not very good, in that some change occurred in ARM by heating and the ARMs lack the coercivity interval between 800 and 1000 Oe. For many samples, a demagnetizing field higher than 1000 Oe seems necessary to obtain reliable data. In successful results from the Thellier method, linearity of NRM and TRM components occurs approximately between 100°a nd 500 °C. Deviation from the linear line at low temperatures is a result of a superposed VRM component in the present field direction. Deviation at high temperatures is probably caused by some change in chemistry or grain-size distribution of ferromagnetic minerals. This point is discussed in a separate paper (Kono, this volume) .
The mean and standard deviation of VDMs calculated from the paleointensity results presented here are 13.1 ±9.2 × 1O 25 g cm 3 .
The mean is significantly larger and the range much wider than the corresponding values for the Deccan basalts of similar age (7.2 ±3.0 × 1O 25 G cm 3 ). In Hole 433C (Suiko), flow units with inclinations much different from the hole mean inclination tend to give very large paleointensities. To determine whether this indicates the time when the non-dipole component was very large or the time of geomagnetic reversals or excursions is left for future studies.
